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Abstract 
We examined whether the use of trabecular metal wedges to fill segmental defects is an effective 
method of socket reconstruction when used in combination with impaction grafting and 
implantation of a cemented socket. 
Fifteen hips in 14 patients underwent impaction grafting in combination with a TM wedge with a 
minimum of 2 years follow-up. All patients had their defects assessed using the Paprosky 
classification. Patients were reviewed with x-rays and migration of the implant was measured. 
Outcome scores were also collected. 
Mean follow-up was 39 months (25-83). The mean age at surgery was 67.8 (49-85) years. Seven 
of the patients had previously undergone impaction grafting with the use of a stainless steel rim 
mesh to constrain the graft. None of the patients had failed either clinically or radiologically. 
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Introduction 
Impaction grafting of the acetabulum is a technique that is well described (1-3). It was first 
described by the group in Nijmegen (4, 5) when they published their results on a series of 
patients with protrusio. The unique advantage of this technique is that bone stock is preserved 
and, possibly, restored (6). 
At our centre we have been using impaction grafting of the socket for both primary and revision 
surgery since the 1980’s. In patients with segmental acetabular defects we use rim mesh to 
contain the defect prior to impaction grafting and insertion of a cemented socket. Our results 
when a large rim mesh was used to repair a large segmental defect were disappointing (4, 7); 
with an 82.6% survival rate at 9 years. 
RSA studies have shown that the majority of sockets implanted with impacted bone graft migrate 
in the early post operative period (8) and that the rate of migration decreases with time. 
The poorer results when a large rim mesh was used led us to consider the use of Trabecular 
Metal™ implants (Zimmer, Warsaw, IN). The augments are available in different sizes and 
shapes and can effectively contain many of the segmental defects found in acetabular primary 
and revision surgery (9, 10). Impaction grafting can then be performed using the methods 
described by Sloof et al (11) and a cemented polyethylene cup inserted in the usual way (Figure 
1). It is postulated that bone will heal onto the porous in-growth surface providing a stable 
foundation that the graft material can heal to by in-growth from the local host bone. 
We also report the results in a subgroup of patients who had previously had impaction grafting 
combined with the use of a stainless steel rim mesh. The mechanism of failure of cups within a 
large rim mesh is by cleavage within the graft and subsequent migration of the cup. We aim to 
revise the acetabulum before the rim mesh undergoes a mechanical failure. If during revision the 
rim mesh is found to be stable, a porous implant can be fixed to the host bone within the mesh 
and then a further impaction can be performed. We review the early results of a small group of 
patients on whom we have used this technique. 
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Patients and methods 
We identified a series of 32 acetabular reconstructions performed in 30 patients with aseptic 
failure between November 2003 and August 2011. Fifteen of these hips had a minimum of one 
year clinical and radiographic follow-up, with surgical outcome known at a minimum of two years. 
The operations were performed by one of the consultants or one of the hip fellows under direct 
consultant supervision. No patient has been lost to follow-up. Fifteen hips, eight left and seven 
right, in 14 patients have a mean follow up of 39 months (range 25-83). There were 11 females 
and three males. The mean age was 67.8 (49-85) years. None of the patients have died and 
none have required revision. Seven of the patients had previously undergone impaction grafting 
with the use of stainless steel rim mesh to contain the graft. It was the first revision in four cases, 
the second revision in nine cases and the third in two. A cemented taper slip polished femoral 
component was used in all cases. 
In all cases the absence of infection was based on history, radiological appearances, 
macroscopic intra-operative findings, an intra-operative gram stain and negative cultures of intra-
operative biopsies.  
All radiographs were reviewed and intra-operative assessment made to allow acetabular defects 
to be classified pre-operatively using the Paprosky classification (12), as shown in Table 1.  
Patients were placed in a lateral decubitus position and surgery performed via a posterior 
approach in all cases. A hip aspiration was performed before the external rotators and capsule 
were released in one layer and stay sutures placed for later repair. Intravenous antibiotics were 
administered after samples from the hip aspiration had been sent for gram stain and biopsies for 
culture had been taken. Antibiotics were continued for at least two post-operative doses or until 
the enrichment culture results were known. 
After the hip had been dislocated, the anterior capsule was divided from its attachment to the 
femur to protect its anterior wall during internal rotation of the hip. In all cases the well-fixed 
cemented femoral component was removed using a cement-in-cement technique (13) to facilitate 
acetabular exposure. The intact femoral cement mantle was then packed with a length of dry 
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ribbon gauze to prevent any debris entering the canal during acetabular preparation. The 
acetabular retractors were placed as for a primary procedure. Peri-acetabular scar tissue was 
excised and sent for culture. The loose acetabular component and cement were then removed. In 
patients who had previously undergone impaction grafting with mesh fixation, the mesh was 
tested for stability. If the mesh was found to be stable then it was left in situ to avoid excessive 
stripping of the soft tissues from the pelvis and potential damage to the superior gluteal 
neurovascular bundle. The teardrop or the transverse acetabular ligament, if it was present, was 
identified and used as a landmark to reconstruct the hip centre of rotation to its anatomical 
position. Any membrane was removed and the bony defect was fully assessed. A trial prosthesis 
was placed in the anatomical position using the landmarks previously discussed. The TM 
augment trials were then sized to find the one that adequately contained the defect and allowed 
sufficient space for impaction grafting to take place. Once the size of augment had been chosen 
an acetabular trial or impactor of appropriate size was placed into the acetabulum and held in 
place by the operative assistant to offer inferior support to the augment to prevent displacement 
during its fixation to the pelvis. The TM augment was then secured to the pelvis using two or 
three screws.  
Washed fresh-frozen allograft femoral heads were prepared by removing any residual soft tissue 
or cartilage using the reverse head reamers or bone nibblers. Bone chips were prepared by hand 
producing a chip size of 8-10 mm3 to provide maximal graft stability. (14) One gram of 
vancomycin powder per femoral head was added to the prepared graft. The allograft was then 
packed into the fenestrations in the augment and any small pits or holes in the acetabulum were 
packed with small chips of graft using the smaller impactors. Further layers of graft were 
vigorously impacted using hemispherical impactors, reconstructing the socket to the desired 
position. The last impactor used was 4-6 mm bigger than the intended outer diameter of the cup 
to allow for an adequate cement mantle. Once the socket has been fully impacted the bed of 
impacted graft should feel as hard as cortical bone. A trial prosthesis was then introduced at the 
required orientation to practice component positioning. An all polyethylene flanged cup was used 
all cases. The bed of graft is then carefully washed with saline through a slotted mesh to avoid 
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damaging the structure. Three small surgical gauzes soaked in 1.5% hydrogen peroxide were 
used to clean the bone surface further. One mix of Simplex™ P bone cement (Stryker 
Orthopedics, Mahwah, NJ) was introduced into the socket and pressurized as for a primary THR. 
The polyethylene cup was inserted into relatively viscous cement, being held in position, and 
pressure maintained, until the cement had polymerized.  
A polished tapered stem was then re-cemented into the femur after preparation of the existing 
cement mantle to accept the new stem. A stainless steel 26, 28 or 32 mm head was applied after 
an adequate trial had been performed assessing for stability and leg length. Table 2 summarizes 
the implants used within our series. 
Closure was performed by reattaching the capsule and short external rotators through drill holes 
in the greater trochanter. 
Post-operative Oxford (15) and Harris hip (16) scores were recorded and are presented as 
median and interquartile ranges after Normality testing using the Shapiro-Wilk statistic indicated 
that the data was not Normally distributed. Comparisons between pre-op and latest follow-up 
scores were made using Wilcoxon’s Signed Rank test for non-parametric data. Immediate post-
operative radiographs and the most recent films available were compared using the 
Contemporary cup wizard software on the Orthoview™ system (Meridian Technique Ltd., 
Southampton, Hampshire). Radiological loosening was defined as the presence of a 1mm or 
larger radiolucent line in all three DeLee and Charnley zones (17), a change in the cup abduction 
angle of greater than 10° or a change in the horizontal or vertical position of the acetabular 
component of >5mm (18). 
Results 
The indications for surgery in revision cases are shown in Table 3. It can be seen that seven 
patients had previously undergone revision surgery where a rim mesh and acetabular impaction 
grafting had been performed. Of these seven, one had required the use of a large rim mesh 
which had failed and was seen on pre op films to be torn, the cup was loose and the hip was 
revised by the described method with the use of an additional anterior mesh. Four patients had 
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suffered cup migration but intra-operative assessment of the rim mesh found it to be solid and the 
mesh was left in situ in all three cases. 
There was a significant improvement in both Oxford and Harris pain scores between pre-
operatively and latest follow-up (Table 4). 
None of our patients have required revision surgery at minimum of two years follow-up, there 
have been no cases of cup migration, aseptic loosening or dislocation. 
Radiographic review (Figure 2) has shown that 2 hips have developed radiolucent lines around 
the cup. One patient has a radiolucent line (RLL) in zone 2 of the acetabulum, however on the 
most recent x-rays this had not progressed and at 60 months follow-up the patient remains 
asymptomatic. A second patient had a RLL in zone 2 but, again, there has been no progression 
and the patient remains asymptomatic at 26 months follow up. 
Two patients had positive enrichment cultures from intra-operative tissue samples sent for 
culture. In one patient three intra-operative tissue samples grew coagulase negative 
staphylococcus, this was treated with rifampicin and ciprofloxacin for six weeks. CRP monitoring 
has remained stable with values of <3 and the patient has remained symptom free without any 
further intervention at 28 months follow-up. A second patient cultured a coagulase negative 
staphylococcus in 6/8 tissue samples sent intraoperatively and was treated with flucloxacillin and 
rifampicin. She remains pain free at 31 months follow-up.  
There were no post-operative complications seen within our patient group and none have 
required revision at minimum two years follow-up. 
Discussion 
In Nijmegen, experiments were undertaken with bone graft using small fragment bone chips for 
the first time in the 1970’s, an idea derived from the packing of bone graft into pseudoarthosis in 
the tibia and femur. The initial results looked promising so in 1979 the technique was used for 
reconstructing the acetabulum for the first time. Their results were published in 1984 (5). The 
major modifications of the impaction technique that have been introduced since then are the use 
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of larger fragments of fresh-frozen trabecular allograft bone and the use of acetabular impactors 
and a hammer. Bolder et al (19) found that impaction grafting with small bone chips resulted in a 
lower incidence of cup migration when larger graft particles (average diameter 9.1mm) were 
used. Results also published by Arts et al (14) agreed that larger graft particle size was important 
for stability of the cup. Washing of the graft also had a positive effect on stability but less so than 
particle size.  
In our centre the results of our acetabular impaction when a large rim mesh has been used to 
repair a large segmental defect have been disappointing (4, 7). Seventeen out of 60 (28.3%) 
cases where a large rim mesh was used alone or in combination with other meshes had been 
revised or were classified as radiological failures.  
Krismer et al (20) showed that migration of cemented acetabular components by 1mm or more 
within two years after surgery reduced the prosthetic survival rate. Ornstein et al (8) evaluated 
morcellised allograft and cement using RSA and found that all but 1 of 21 components migrated 
between 0.5 and 6.4mm proximally during the initial two years.  
The poorer results reported with the use of large rim meshes for large acetabular defects have 
been published from centres other than ours that have used the same techniques and 
instrumentation (21, 22). These results led us to consider the use of implants made from 
trabecular metal, which acts as a scaffolding for bone ingrowth and remodeling while providing 
load bearing structural support (23). The use of the trabecular metal augments to constrain a 
previously segmental defect allows a stable platform providing a cavity for impaction grafting to 
take place (10). The mechanism of failure of cups with a large rim mesh is by cleavage within the 
graft substance allowing migration and rotation of the cup thus disrupting the rim mesh. When this 
rotation occurs migration can be progressive. We now aim to revise these sockets early before 
the rim mesh fails. If the mesh is found to be well fixed during revision we feel it is perfectly 
reasonable to fix a porous metal component onto host bone beneath the mesh thus leaving it in 
situ. The extra stability provided by the trabecular metal augment may enhance graft 
incorporation. 
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Good results have been published for the use of tantalum porous metal implants for large 
acetabular defects (23-26) although as yet only with short term follow-up. However, results are 
with the use of uncemented acetabular shells sometimes of a large diameter. Abolghasemian et 
al (10) have published their results using TM implants for segmental defects of the acetabulum 
and have found a survival rate of 91.1% at 5 years when aseptic loosening was used as an 
endpoint. They found that in all but two of 34 cases reviewed, all augments were found to be 
osteo-integrated. They found the use of an augment improved the location of their hip centre of 
rotation and support the use of augments in combination with TM shells in the bone-deficient 
acetabulum but accept that there are some disadvantages to the use of augments in their study, 
as they do not restore bone stock for any subsequent revision. The technique we describe 
overcomes this limitation. We feel that our technique allows more accurate reconstruction of the 
hip centre thus optimizing the biomechanics of the joint and also provides the possibility of 
restoring bone stock in the event that future reconstruction is necessary. 
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Figures: 
Figure 1: 
a) Augment shown fixed in a superolateral socket defect 
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b) Bone impacted into wedge and remainder of cavitary defect prior to cementation 
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c) Socket cemented into place beneath constraining wedge 
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Figure 2: 
Pre-revision x-ray (a) of a 55 year old lady with a history of hip dysplasia for which a primary THR 
had been performed using a rim mesh and impaction grafting. Eight years later she developed 
pain and the acetabular component was found to have migrated proximally beneath the rim 
mesh. At the time of surgery the rim mesh was found to be solid and was left insitu with the TM 
augment placed beneath it. Post-operative (b) and 4 year post surgery (c) x-rays are also shown.  
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Figure 2a 
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Figure 2b 
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Figure 2c 
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Tables: 
Table 1: Paprosky grades of acetabular defects found at revision surgery. 
Paprosky grade  No. of cases 
1  2 
2A  2 
2B  6 
3A  3 
3B  2 
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Table 2: Details of implants used. 
Cup size  No. implanted  26mm head  28mm head  32mm head 
46  6  2  4  0 
48  3  0  3  0 
50  2  0  0  2 
52  1  0  0  1 
54  1  0  1  0 
56  1  0  1  0 
58  1  0  0  1 
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Table 3. Indication for revision surgery. 
Reason for revision of THR  No. of patients 
Aseptic loosening  4 
Previous rim mesh intact, but cup migration  4 
Septic loosening, previous first stage performed  2 
Failure of large rim mesh  1 
Fall causing acetabular cement mantle fracture and 
subsequent cup migration 
1 
Previous rim mesh, recurrent dislocation  1 
TB as a child, THR performed later in life which had 
aseptically loosened 
1 
Torn rim mesh,   1 
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Table 4. Median (interquartile range) scores pre-operatively and at latest follow-up. 
Score  Pre‐operatively  Latest follow‐up  p‐value 
Oxford 
(0‐48 worst to best) 
25.0 (16)  33.0 (22)  p=0.012* 
Harris pain 
(0‐44 worst to best) 
20.0 (10)  40.0 (24)  p=0.031* 
Harris function 
(0‐47 worst to best) 
25.0 (17)  28.0 (20)  p=0.167 
*significant at the 5% level 
 
